


SUMMARY OFf PROJECT RULISON®

Austral Oil Company’s interest in ouclear explosive
stimulation of gas wells in the Rulison fisld began as early as

'1965. The Company initlally scquired approximataly 20,000
acres, and, through additional leasing .and farmout agres. -

ments, have increased their Iesse holdings to approximately
60,000 acres. Figure 1-[s.a map of the area.

The discovery well for the Rulizon field was diilled in
1952, and up to the time of Austral's mterest in 1965 saven
wells had been drilled into the Mesaverde gas roservoir by
other operators. In 196566 Austral drifled two test wells for
the purpose of collecting data for a feasibility study.

The feasibility study, complated in 1966, indicated that

nuclear explosives could possibly be applied economically as

a method of stimulating production from the Mesaverde

formation, The study 2lso confinmed an estimsted 90-125

Bcf of gas per square mile in the Rublison field.

The development of a technical plan was initially under-
taken- in 1967 with the Atomic Enemgy Commussion’s
Lawrence Radiation Laborstory. In Aprit 1968, the support-
ing laboratory was changed to Lot Alamos Sdientific Labory-

* tory. The subsequent Project Definition Plan, and: the
. tmplementation of that plan was accomplished with the Los

Alemos Scientific Laboratory, the U. 5. Bureau of Mines,
and the AEC Nevada Operations Office. Avstral also engaged
the services of CER Geonuclear as consulant and Project
Manager.  Negotiations betwesn the governrment and the
industrial sponsors led to the signing of a contract on March
27, 12469 for the conduct of the experiment.

The stated objective of Project Rulison was * .10 deter-
mine the potential of nuclear atimwlation for the commercial
development of the Rulison field.” The conduct of the

- experiment was divided into three phases: {1) Determina site

acceptability with regard to both reservoir characteristics and
safety criteria; (2) Site construction and relsted activities
associated with the nnclear detonation operations; and (3)
Postshot investigations of reentry, ground motion effacts,
radicactivity, reservoir production, and economics.

An exploratory well was drilled to a depth of 8516 feet

‘and compieted in May of 1968, Some cors samples and &

suite of logs were taken in the Mesaverde section of the
hole. Some sections above the Mesaverde were cored and
tested for hydrological conditions. The ground water re-
sources In the Rulison area are confired primarily to the
nearsurface alluvium and termee deposits. The undeslying

‘bed rock formations are generally impermeable and yisld

little or no water.
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The Mesaverde formation in the Rulison fisld area. was
deposited - in the nearshore environment that included
marine, flood plain and costal swamp conditions, This depo-
sitional setting resilted in lenticular sandsiones which have
limited nerial extent. This lenticularity is the primary cause
of gas entraprasnt and retention in ths Rulison fisld,

Average reservoir characteristics of the Mesaverde forma-
tion were determined preshot; first for the feasibility study
and second from the Project Rulison expioratory well, Table
I sumimarizes the findings,

Initially, May 22, 1969 was sot for the Rulison shor
date and by the first week of May the sits was ready for the
emplacenient of the explosive. Some of the safety studies
were not complete, however, and the thot was postponed 1o
allow thme for their completion.

During the summer, whils the safety studies were being
compieted, the American Civil Liberties Union, the Colorado
Open Space Coordinating Council and M. G. Dumond filed

awsuits to prevent the detonation of Project Rulison, The

three separate lawsuits were combined into one suit which
was then heard in the 10th U. 8. District Cowrt in Denver, .
Colorado under the juristiction of Judge Amaj. In this action
the plaintiffs failed to obtain en injunction to stop the
project. The cese was then appealed to the U. §, Circuit
Court of Appeals snd to the Supreme Court without success.
Although the injunction was denied, the Court maintained
jurisdiction over the project and stipulated certain conditions
and restrictions on the conduct of the projeet which requir-
ed extraordinary equipment and procedures for reentry and
production testing. —

The incomplete safety questions concerned potential rock
slides and the integrity of reservoirs in the area which could:
1ot be evaluated to the review bodiss” stisfaction by the May
22 shot date, During the summer, after the completed studies
indjcated no problsm of magnitude to forestall the project,

* work was resumed and September 4th was st as the readiness

date. The explosive, supplied by the Los Alamos Scientific
Laboratory, was contsined in a canlster about 9 inches in
diameter and 20 feat long, It was emplaced to a depth of 8430
feet on a 3/4-inch cable. The hole wat then stemmed with
alternating sections of pea gravel and clay. .

On September 4th the shot was ready, but the weather
was not. For sx days the shot was delayed because the
weather conditions were not within the stringent restrictions.
Many observers tired of the waiting and left before the shot.
On the day of the shot, September 10th, there was still a
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moderate-sized orowd that showed up at the circus tent
observer point near Grand Valley. Speeches were given and
there was a small demonstration by sign-carrying cpponents
to the projsct. The leaders of the demonstration wers also
given time to talk from the stand. As the countdown
continued, “hike-in” demonstrators were removed from the
mountain near the project by helicopter and the speeches
ended. Shortly after lunch the.shot was fired and sbout
three o’clock thers was » press conference al the wellhead,
Thers were no catastrophies. The day's excitement subsided
and life resumed to near-normal as an afternoon rain showsr
gent people scurrying for cover. The yield of the explosion
was 43 &+ 8 kilotons. o

The extreme precautioris taken by the Atomic Energy

Commission snd the variony review badies to the project -

were very expensive; particularly to the industrial sponsors.
Had the shot been fired in the spring, there probably would
not have been the lawsuits, Had the wasther restrictions
beer more reslistic there would not have been the six-day
delay to fire. These delays cost the industrial sponsors

several hundred thousands of dollars. In a spesch to the-

Atomic Industrial Forum (December 2, 1969), Australs G.
W. Frank said that, “By far the most expansive and ex-
pensive portion of Project Rullson is the Safety Program...”
and that “Whers Plowshars programs are concerned, this
procedure cartainly needs to be changed so the indugtrial

spontor can have some assurance that there will b no costly )

delays.”

. After reentry 1o the region nesr the chiiney, pro-
duction testing was started on October 4, 1970, A series of
drawdown and shut-in tasts were conducted until September
27, 1971. As the testing progressed; Austra) retained the.
services of DeGolyer and MacNaughton (Dallas, Texss) to

TABLE |

analyze and interpret the reserwair test date. The test data
obtained was alwo placed in the Plowshare open file which
tade it avaidlable to anybody that wanted it. It is believed
that several other companies interested in nuclear stimulation
obtained the data from the open file and made their own
proprietary analyses, ' o

Analysiz of the test data indicated that the void volume
of the chimney was sbout 1.5 million cubic feet. This is

consistent with a rubble-filled chimmney of about 74 feet .

radius and 350 feet above the:shot point. The height of the
chimney could not be measured directly, but a reasonably
good estimate was made from re-entry drilling observations
and later Krypton-85 data. The anslysic of water production

data and its relation to high pressure vaporization tempera-

tures indicated » chimney temperature of 445°F at the time
of the flow tests between October 1970 and April 1971. The
temperature of the unstimulated rock at the shot depth is
about 214°F, : ' '

There were four intermiittent flow periods included in
the testing program, The first flow test was at high rate (26
million cubic feet per day) to provide a sample for the
sfety people to “calibrate” ithelr offsite surveillance Ppro-
pram for the test program to follow. The following thres
tests were for the purpose of obtaining data for a reservoir
engineering smalysis, Approximately 455 million cuble feet
of gas, including dilutants, was produced in these tests,

Just prior to the first test a gas pressure of 3150 paig
was recordad ut a depth of 3200 feet, Throughout the flow

tests radicectivity was measured ondine as well as samples
“taken periodically for leboratory smalysis. In the early part

of the flow tests the gas composition was approximately
33% methane, 45% carbon dioxide, 16% hydrogen and 6%
other constituents. About 15,000 barrels of water were

RESERVOIR PROPERTIES DETERMANED PRESHOT
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" recovered at the surface during the tests. In addition, it was
- caleulated that approximately 6,000 barrels of water ‘was
produced as vapor. It 'has been estimated thet the chimney
may have contsined ms much as 30,000 barfels to start with.
This water was disposed of by injaction into the flage.

For.-most of the flow tests the hydrogen and carbon
dioxide concentrations declined essantially at the same per-
centage rate, The concentration of water vapor generally
increased as the pressure in the chimney decreased. At ths
end of the tests there were approximately 170 barrels of
water ‘produced with ench thousmnd cubic fest of ges.
Towards’ the end of the tests, the percentage of carbon

- dioxide began to increase gradually from a minimum of 19%

to approximately 22%. This has been interpreted as carbon

dioxide ‘evolution into the chimnay either from decompo-
sition of carbonste minersls or releass of the gas which was
dissolved in water. Laboratory measuremsnts of the relative
concentration of Carbon-14 in the gas have shown that
carthon, dioxide wes .initially formed at the time of the
detonation, but was alse generated by heating the rock
subssquent to the detonation, The lstter evolving carbon
dioxide is free of Carbon-I4. A total of 24 million standard
cubic .feet” of carbon dioxide was estimated to have basn
evolved duﬂng the flow tests, -

‘ Pmshot, 'thé AEC stated that the particulsr explonva
used at Rulizon ghould lsave about 10,000 curies of Tritium
(aboug_i gm): Krypton-85 would be generated at the rate of
1113 guiles per kiloton. Only 2824 curles of Tritium and

1064 curies of Krypton-85 were-produced during the testing
period: Analym of ‘the Krypton-85 dats was instrumental in
determinmg the acnial yield of the explosive. The where-
abouts of . the . Tritium between.the 10,000 curies predicted
and the 2824 curies produced is not fully known, A total
accounting of the Tritium: could not bs made, This was due
in part to the unknown amount of water rémaining in the
chimney at the end of the flow tests and the uncertainty in
the effectiveness of the boron carbide radistion shield that
was' placed amund the device.

Since Rulison was not 2 conventiomal well completion,
the conventional seservoir engineering analysis techniques
could not be applied. Instead, matching of experimental data
to computer dmulation was employed, This technique is
essentinlly that of seiecting 4 set of ressrvoir characteristios,
making the calculation and comparing the computed results
to the experimental data. If the match is not good, a new
st of parameters is fed to the computer and new results
obtained. The pararmeters that give a reasonable match to the
date can then be used in subssquent calenlations to predict
future production.

There are so many verigbles in the calculations and such
& limited amount of test data it is not possible to obtain an
explicite or imique determination of the reservoir properties
for the chimney and surrounding region from either the test
dets or the computer simulation. The best that can be
achieved is a consietent set of vaiues that seem reasonable,
For Rulison, results of computer matching were reported by
Lawrenice Livermore Laboratory (LLL) and DeGolyer and
MacNaughton (D&M}, At LLL the philosophy was to use as
simple 3 model 23 powible congistent with making & reason-
gble computer match to the available experimenta! data. At
D&M o more compiex computer model was used which
included the effacts of water vaporization and carbon di-
oxide gensration in the chimney, change of gas proporties
with temperature and pressure and a varying permeability in
the fractured zone. ‘

There was a significant diffexence in the approach taken
fo obtsin an agrecable fit to the dain betwesn the two
computations, At LLL the experimental flow rate was used
to drive the computer model and pressures wers caleulated
and comparsd to the data. At D&M and their subcontractor,

- Computer Technical Services, Inc., both pressures and flow

were used to drive the computer caloulation and parme-
ability was adjusted to whatever value was required to find a
reasonable fit to the data,

The parameters used by LLL to obtain & reasonable ﬂt :
to the datz are given in Table 1. it was not necessary to

TABLE I}

. L1
Chimney tsmperature .......... e, 400°F - uﬂu& X * s \;‘;
Formation temperature .. ............., e 220°F wls g s O, 3#\:’* e
Formation gas gravity . .......................... 0-65 f ’& k; Y w{) 2t
Formation gas pressurs ............... e 3200 psi R Fhie vt es '
Chimpey mdivs ......... . 76 feet
Permatblhty height(76-207 fty(kh) ...... .. ._.... 22.4 Md-fit%

- (ZECW + feat) ., ) ........ R 0.68 Md-ft - '?W‘c: 1*«2\3}‘:- %\-“9 {g s W& N
Porosity -height (gh) ........... . .............. 3.0 feet

. PARAMETERS USED AT LLL TO OBTAIN COMPUTER FIT TO DATA

'lh dr( &, \C..'g G‘ﬂ(ﬁm&.
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 know the height, ‘or net snd thickness for this simple

approach; only the kh and h product terms were needed.,
Por a net h of 75 feet then the inaitu permasbility & about
0.009 md. This valoe i& in goord agresment with that from
the flow test data given in Table I,

The parsmeters used at DeGolyer and MacMaughton to
obtain & fit are given in Teble [11. As seen in Table HJ it was
necessary to use fractured zone permwabiities ranging from
001 10 04 md to obtain a fit to the data. This varisble
permesbility has been explained by the proponents of this
model 28 bsing suggestive that the fracture zone was being
cleaned of water as the well was produced. This explanation

" i3 not needed for the LLL model.

The anelyses indicate that for the time of the tests the
effective drainage radius did not resch much beyond the
fracture radins, For longterm productivity, however, the
drainage goes beyond this and the flow will be largely
controlled by the matrix permeability. The fiture prediction
of the two computer models are vastly different even though

they both show a fit to the available data. The LLL modal
says the future production will be controlled by ressrvoir
sand with an effective permaability of about 009 md. The
DeGolyer and MacNaughton modsl, on the other hand, says
that the controlling permeability will be 04 md. The LIL
mode! prediots about 2 billion cubde fest production in 25
years while the DeGolyer and MacNaughton prediction is 5-7
billion cubic fast in 25 years.

At Austral's request, DeGolyer and MacNsaughton made a
preliminary ressrve appraisal of the Rulison field based upon
the results of Project Rulison. They found that if a much
larger vertical section’ of the Mesaverde formation were to be-
stimulated with multiple explosives (4-6) in a singie wellbore,
then some 2 trillion standerd cubic feet of natural gas
reserves could be recovered by nuclear stimulation. If the
overall cost of 5 completed well is within $1,000,000, then
it should “be scomomic at the current srem rste price of
23.75¢/Mef, This sssumes a dizcounted anmual ratum on
investment of 20%.
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TABLE I

PARAMETERS USED AT DefiLOYER & MacNAUGHTON TO FIT THE DATA

Cavity radivs .............. e eaaeiaaan . T4 faet
Cavity hejght .......... Fereea s v 270 fest
Outer fracture rading . .......... e 220 feet
Pay thickness . .. .. e eraee e Ve 75 feet
Porosity ...... it e et 7.1%

Tempertiture . ... ...ool e, ver. . 45°F
in cavity and decreased pmportbnally to the logarithm of
the radiuz to 2 value of 214°F at the outer fracture radius.
Constant 214°F _beyond the fracture mdius,

Parmasbliity of Fracture Zone (Md)

_Outer 1-30 31-58 59. 68
88 B 3 3
107 U A3 A7
129 D01 - 821 06
156 001 D06 0z
187 001 005 002
220 oa o bal 001

Average 019 0798 0922

69 - 120 120 - 359 Postulated
Days Days Uliimate
3 30 . C 3
26 26 261

14 2 219
05 BRT 165
006 015 098
001 001 040
1262 1581 1805



